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OVERVIEW
New developments and recent advances in construction methods have the potential
to change the future of the architecture, engineering and construction industry.
Prefabrication, along with modular construction, provides a safe and controlled
environment for the production of building construction elements and raises the need
for improved collaboration and coordination from design to manufacturing and from
transportation to final assembly. Prefabrication also provides relief from the skilled
construction labor shortage while opening up new opportunities for mass
customization within the building industry. Prefabrication and modular construction
automation are emerging expansion routes for the construction industry. In addition,
integral to developing the knowledge of the design and construction workforce is
learning more about emerging construction techniques, in special prefabrication and
modular construction and automation processes, through the engagement of lifelong
learning. (Version 1.3 – September 2021)

Objectives -------------------------------------------------------------------------------------------------When you have completed this module, you will be able to do the following:
1.

Explain how using prefabrication affects the design and construction industry.
a. Explain what are prefabrication and modularization
b. Name 5 construction elements that can be prefabricated
c. Explain the importance of coordination and transportation logistics for
prefabricated pieces
d. Explain how quality control for prefabricated pieces differ from those of
traditional construction
e. Name two benefits and two challenges of prefabrication for the construction
process and its stakeholders
2. Explain what are algorithms and what is automation
a. Explain what is automation and how it relates to algorithms
b. Identify simple algorithmic equations
c. Name at least two examples of automation technologies used in the construction
industry
d. Explain how the increase of automation is beneficial to prefabrication in
construction
e. Name two benefits and two challenges for the use of automation in the
construction process and its stakeholders
3. Relate the importance of lifelong learning to the application of new technology
a. Describe how lifelong learning and technology relate
b. Identify ways to stay up to date with new technology
c. Elaborate a lifelong learning plan for learning new skills in the next five years
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SECTION ONE

1.0.0 Prefabrication
Objective
To explain how the use of prefabrication and
offsite construction affects the design and
construction industry.
a. Explain what are: (1) offsite construction;
(2) prefabrication and (3) modularization
b. Explain how modular construction
relates, but is different than
prefabrication
c. Name 5 construction elements that can be
prefabricated
d. Explain the importance of coordination
and transportation logistics for
prefabricated pieces
e. Explain how quality control for
prefabricated pieces differ from those of
traditional construction

offsite elements to consider elements’
manufacturing and assembling.
Long-lead item: this is the name for items in a
building that need to be ordered well in
advance so they can be manufactured and
ready by the time they are needed on site.
Examples of common long-lead items are
prefabricated pieces, elevators and
escalators.
Offsite construction: this is the name given to
any construction assembly that happens
outside of the jobsite location.
Prefabrication is often carried out in
offsite locations, making it often a term
interchangeable with ‘offsite
construction.’
Prefab: abbreviated name for prefabricated
pieces that can be used by construction
industry professionals.

L

et’s start with understanding the meaning
of the word ‘prefabricate’. For that, we
will break it down into two parts: prefabricate.

Common Topic Terms
Cast-in-place: name used for concrete elements
in which the concrete is poured on site.
Curing: chemical reaction that occurs to
concrete after it is poured. This process is
how the concrete gets its strength and
rigidity.
DfMA: Design for Manufacturing and
Assembly. This approach to the design
emphasizes the need for designers of

Controlled Environment

PRE-FABRICATE
To fabricate something is the same as to
‘construct or manufacture’ something. Once you
add ‘pre’ to the word it means to construct or
manufacture something ahead of time, and this
is the main principle behind the idea of
prefabrication.
In construction, this often means
constructing away from the jobsite, and then
transporting it to the jobsite for assembly (Figure

Transportation

Site Assembly

Figure
Figure1.1The
Theprefabrication
prefabricationprocess
process
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1). The term offsite construction is also
frequently used to describe elements that are
built away from the site. By constructing away
from the site (and usually inside a factory), the
construction process is done under a controlled
environment. This means the construction
process is not subject to weather delays (such as
in the case of missed or reduced work days due
to storms). In addition, the fabrication of certain
elements that are affected by temperature and
humidity can be standardized. For example, if
concrete is poured under extreme heat or
extreme cold, it will need special additives or
procedures to allow for adequate curing (curing
is a chemical process under which the concrete
reacts to water and time for hardening and
increased strength).
Prefabricated pieces may be machine or
people assembled, or a combination of both.
More on automated production will be provided
later in this chapter.
Because prefabricated pieces are
assembled far from the construction site, one of
the challenges to the increase use of building
prefabrication is to coordinate transportation
logistics. Some prefabricated elements are small,
but others can be significantly large as the
examples in figures Figure 2 and Figure 3).
Transportation logistics are especially important
for large prefabricated pieces, as some roads
have bridges and overpasses with weight and
height limitations.

Figure 2. Transporting precast concrete panel
(panel outlined in red)
In addition, large pieces may be subject to
special transportation regulations as they
Version 1.3 (September 2021)

become ‘wide’ or ‘oversize loads.’ Legal limits
of load vary by state and need to be taken into
consideration during the conception of
prefabricated pieces. Similar concerns need to be
taken into consideration as well for hoisting
large prefabricated pieces into their final place in
the building. Not all construction equipment
may have the capability of placing large and
heavy pieces, once those are on site. Again, a
close coordination between designer,
manufacturer and contractor is needed for the
good flow of the construction process.

Figure 3. Transporting of large prefabricated
modules (photo credits: Blox)
Therefore, prefabricated pieces need to be
conceptualized and constructed in an integrated
manner. To address this issue, designers should
be competent in DfMA – Design for
Manufacturing and Assembly. This approach
emphasizes the need for designers to consider
how prefabricated elements will be
manufactured, transported and assembled. This
means the designer, manufacturer and contractor
must work together in order to produce elements
and pieces that can be produced and transported,
and meet the needs of the construction in terms
of cost, schedule, quality and safety. An
integrated design is key to improving the use of
prefabrication in construction. This happens
because a designer’s lack of understanding about
prefabrication or request for design changes too
late into design can often prohibit or reduce the
effectiveness of the use of prefabricated
elements in a job.
2

1.0.1 Brief history of prefabrication
in construction in the United
States
The idea of approximating construction
processes to the manufacturing industry is not
new. In the 1800’s there are reports of home kits
being developed and shipped across the
continental United States. For example, in the
early 1900’s, companies such as Sears Roebuck
have developed manufactured home sold
through catalogues (Figure 4) – customers
selected their preferred design and Sears
shipped.

It is estimated that between 70,000 to
75,000 Sears Modern homes have been sold in
the United States 1. By then, housing was the
main construction industry sector that used
prefabricated elements (and even entire homes).
This sector has experienced significant growth
after the World War II, when housing was in
high demand and prefabricated and modular
homes were a way to speed up the construction
process.
At the same time, prefabricated buildings
were also used for commercial purposes. Many
prefabricated diners were manufactured and
transported across the United States. Some of
them are included in the U.S. National Register
of Historic Places, such as the one in Figure 5.

Figure 6. Prefabricated Diner (photo credits:
Michael Hicks)

Figure 5. Sears Roebuck Home (source: Sears
Roebuck Catalog 1908)

After world war II, prefabrication started
to also be used in other building types. It became
reasonably common in parking garages (see
Figure 6) and warehouses. Most of them used
prefabricated structures, including beams,

Figure 4. Prefabricated garage at Purdue University
1

Source: Sears Archives (www.searsarchives.com/homes/index.htm)
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columns and walls. Walls were usually plain,
without complicated design features.
Recently, prefabrication has expanded to
include numerous different and more complex
types of elements used in construction industry.
In addition to the usual precast wall panels and
structural elements (columns, beams and slabs),
we can now find prefabricated multi-trade
piping assemblies, bathroom pods, and even
whole modular buildings, among others. A wide
range of building systems, materials and
components can now be prefabricated offsite
and brought on site for assembly. Size of
prefabricated elements can also vary from small
piping assemblies or electrical boxes to whole
rooms.
Some of the main drivers for the recent
expansion in the use of prefabrication in the
United States are:
• the shortage of skilled construction
labor.
• Constant need to reduce construction
cost and schedule while maintaining
high product quality
• Improved use of design coordination
technology (Building Information
Modeling – BIM)
Additionally, emerging automation
technology and robotics can also be used with
prefabrication to speed up production and reduce
the need for human labor.
These drivers as well as an increase in
resources allocated to building offsite and
number of owners who are aware of (and
comfortable with) the use of this type of
construction resulted in a rise in the use of
prefabrication in construction.

1.1.0 Modularization
Modular construction is not the same as
prefabricated construction, though you might see
these terms being used interchangeably. While
prefabricated construction means building
offsite, modular construction refers to the design
of pieces as modules that can be combined to
produce larger elements. An example of a
Version 1.3 (September 2021)

modular building is Habitat 67 in Montreal,
Canada (Figure 7) in which several habitation
modules are combined to form a building
complex.

Figure 7. Habitat 67
In order to maximize production time,
while allowing for customization, modules are
often prefabricated. This means, modules are
fabricated off-site and then transported for
installation on site (Figure 8).

Figure 8. Installation of large prefabricated
modules on site (photo credits: Blox)
As mentioned previously, a module is a
piece that can be combined with other pieces to
produce a more complex structure. An example
of module can be found in plumbing piping
(figures Figure 9 and Figure 10). Simple straight
piping elements can be combined, for example,
with 45° and 90° elbows to form different
configurations used in the plumbing system of
buildings.
Designers and engineers interested in
prefabrication usually study carefully how to
maximize the use of modules so that there is less
4

waste of material. Ideally, they should use a
Design for Manufacturing Assembly (DfMA)
approach, in which they design taking into
account how modules will be transported and
assembled, as well as maintained long-term.

Figure 9. Basic piping modules or pieces

manufacture a determined piece or element, the
assembly of the second element will become a
bit faster, then the third will become even faster,
until you reach an optimal manufacturing time
(which means the element or piece will not be
manufactured any faster). Several models, such
as Wright’s Model, have been developed to
quantitatively measure the learning curve and
are can be used to explore ways to improve
productivity.
Therefore, in modular construction, the
design ideally tries to achieve modules with the
same or very similar configuration, such as
modules with same dimensions. Using repeated
elements speeds up the manufacturing process
because formwork (in the case of precast) can be
reused, and if people assembly is used, the
learning curve to put that module together is
reduced with each iteration (though, as
mentioned before, there is a limit on the
reduction of time of learning curves).

1.0.2 Evolution of modularization for
construction

Figure 10. Different piping systems
configurations
The same principle can be applied to other
elements in the building, such as HVAC
(heating, ventilation and air conditioning) ducts,
as well as larger elements, such as walls. Again,
in order to maximize production, and provide
customization options for clients, it is important
for designers, manufacturers and contractors to
work together to define modules that are
optimized for all stakeholders.
Another important benefit of
modularization is that it can increase
manufacturing productivity. This happens
because every time we do something new, there
is a learning curve (a learning curve is defined
as the amount of time a person learns a new
skill). Once you have learned how to
Version 1.3 (September 2021)

In the middle of the 1900’s most of the
modular construction was based on large pieces
and customization was difficult. Just like the
early days of the automobile industry, there were
few options available and customization was
difficult and expensive. However, now, due to
advances in technology (one of them is
automation, which we will discuss in detail later
on), more options at a lower cost are available to
the end customer. The ability to customize
product to a client’s needs and wants, while still
maintaining a low cost, is known as ‘mass
customization.’ Examples can be found in the
automobile industry, in which you can pick
several options for your car, and in the computer
industry, as some companies let you choose
certain options for your computer such as
memory capacity, screen size, and color before
shipping the final product. In the construction
industry, the ability to customize a building
while keeping mass production is frequently
seen in the residential sector. However, not all
5

customization seen in residential construction
nowadays can be considered mass
customization, as the cost to customize options
is often higher than standard options.
The ability to customize modules is very
important for the construction industry as clients
may want different things. For example, a
certain hospital may need bathroom pods that
are all ADA compliant and have certain
equipment, while hotels may not have the same
need. In addition, slightly different
measurements may be needed in each case.
Therefore, the emergence of new technology
allowing mass product customization to clients’
needs while still maintaining a low cost may
increase the use of modular construction.

•

•

1.1.0 Prefabrication in the
construction industry
This section will provide you with some
examples of prefabricated and modular elements
commonly used in the construction industry.
Examples can also be seen in figures 11 through
14 and include:
•

•

Mechanical and plumbing components:
PVC piping and mechanical ducts are
modular elements. Complex systems are
made by combining smaller modules.
Some mechanical and plumbing systems
can be prefabricated and shipped to site
to speed up construction. Recently, there
has been a rise in the use of multi-trade
prefabricated MEP racks. These racks
combine more than one trade and
require that MEP trades work and
coordinated their space needs while
manufacturing these assemblies;
Structural elements: precast concrete
elements such as wall panels, columns,
slabs, beams, girders, and stairs. Precast
concrete is usually made away from the
site (in a factory) and transported to site
for assembly. Transportation of large
precast concrete pieces usually involves
complicated logistics and its use needs

Version 1.3 (September 2021)

•

•

•

to be taken into consideration during the
design phase;
Exterior and interior walls: some wall
systems may be prefabricated off site
and shipped to site. Exterior walls can
include all necessary layers (such as
moisture protection and insulation);
some might include exterior finishes and
others may not, to allow for on-site
customization of the exterior.
Prefabricated walls can be made of
concrete as well as wood or metal studs
and sheathing.
Bathroom pods: whole bathrooms can
be prefabricated in a factory and sent to
site. They are usually self-contained
(meaning they come with walls, so it
may look like a box) and may or may
not include piping elements for site
hook-up. Prefabricated bathroom pods
can be found in hotels, hospitals and
high-rise residential buildings, where
repetition is high.
Kitchen modules: kitchen modules can
be purchased in home and furniture
stores and sent to site for final assembly.
Just like other examples of modular
construction, it is usually possible to
customize kitchen modules to a client’s
wish, such as color and material.
Glazing systems: exterior window
systems made of glass can be sent for
specialty designers and contractors that
are able to design and manufacture
modules that can be pre-fabricated and
sent to site for installation. In this case,
the panes can be large for faster
anchorage to building on site.
Manufactured homes: manufactured
homes have been around for a while, as
we have discussed previously in this
chapter. They can be completely
assembled in a factory and just sent to
site for installation over a foundation
made on site or they can be shipped in
pieces and assembled on site. Lately,
new technology companies and
6

Prefabricated Sink Units (left) and piping (right) (photo credits left and right: Blox)

Prefabricated bathroom pods (left) and prefabricated bathroom pods on site (photo credits: Surepods –
left photo, and Bernie Sublette – right photo)

Prefabricated modular unit (photo credits: Blox)
Figure 11. Examples of prefabricated and modular elements used in construction
Version 1.3 (September 2021)
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Prefabricated Architectural Panel being installed (left) and prefabricated piping assembly (right)

Unitized glazing system stored on site prior to installation (left) and prefabricated mansard roof trusses
(right) (photo credits left and right photos: Cy Rangel)
Figure 12. Examples of prefabricated and modular elements used in construction (cont.)

Version 1.3 (September 2021)
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Prefabricated modular shelter being installed on site (left) and prefabricated multi-trade rack being
hoisted on site (right) (photo credits: InMod – left photo; and Bernie Sublette – right photo)

Prefabricated multi-trade rack (photo credits: Bernie Sublette)
Figure 13. Examples of prefabricated and modular elements used in construction (cont.)
Version 1.3 (September 2021)
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Factory OS (image courtesy of Autodesk, Inc.)
Figure 14. Examples of prefabricated and modular elements used in construction (cont.)
construction companies have launched
newer and more customizable homes
that can be made of pre-established and
customizable modules with regular and
even high-end finishes. They can be
combined to assemble larger or smaller
homes, depending on the client’s wishes
and budget availability.
As one can see, the construction industry
already is using many different types of
prefabricated elements. Many of them are
combined with modular construction to increase
optimization. However, like any other process,
the use of prefabrication in construction has
advantages and challenges. Some of the
advantages of the use of prefabrication are:
• The ability to manufacture pieces in a
controlled environment. This is an
advantage because it increases the safety
Version 1.3 (September 2021)

for employees because they are working
in a factory setting, not exposed to
weather issues (such as temperatures too
high or too low, working in heights). In
addition, a controlled environment is
better for the quality assurance and
control of the elements;
• The ability to build faster, as some of
the construction can happen off-site.
While construction is already happening
on site, in parallel pieces can be
manufactured away from the site, so you
have two work fronts – one on site and
on in the factory. In addition, by
prefabricating large elements – for
example wall panels – you are able to
assemble larger areas much faster on
site;
• And if used in combination with
modular construction, it can result in
10

less material loss, because modular
construction encourages the
combination of pre-established modules
rather than adapting existing elements to
fit the needs (so there is less loss due to
cutting elements, such as wood for
cabinetry).
On the other hand, some of the
challenges of the use of prefabrication:
• Though the prefabrication and modular
construction industry is growing, most
of the construction is still done on site.
Because of that, there is still some
resistance and misinformation related to
the use of prefabrication and modular
construction;
• Prefabricated and modular pieces
require the collaboration of multiple
stakeholders during the conceptual and
design phase, because it allows for very
little flexibility once it is on site. For
example, once a modular bathroom is on
site it is very difficult to make changes
to its design – such as lowering or
raising bathroom sinks. By doing that
you would take the advantage of having
the pods produced elsewhere and you
might run into warranty issues if the
change is not approved by the
manufacturer and the designer;
• Depending on the scale of production,
prefabrication and modular construction
can have a higher initial cost of
production. However, these costs
usually are balanced by savings related
to a fast construction process, but
careful financial analysis should be
performed in order to make a choice;
• Transportation logistics may be
complicated for larger pieces. If on one
hand, large pieces can help with the
increased productivity, they may require
a more complex transportation logistics.
This is because roads (including bridges
and overpasses) may have limitations on
the size of the load you are carrying or
Version 1.3 (September 2021)

may impose more requirements (such as
a lower speed limit and flaggers) for the
transportation of the elements. In
addition, larger pieces may require
special equipment for hoisting, which
has to be available on site. A careful
study during the conceptualization and
design of the pieces and collaboration
between stakeholders can help with
reducing this challenge.

1.1.1 Example prefabrication steps
for a concrete precast panel
This section will describe the design
considerations and procedures for the fabrication
and site assembly of a precast concrete panel to
illustrate how the prefabrication process works.
The choice to use precast concrete panels
on a building is ideally done at the beginning of
the design process. The need to make this
decision as early as possible happens because
the design of the precast pieces uses information
such as transportation and hoisting data that may
not be required for cast-in-place pieces.
Therefore, using a DfMA approach, the designer
needs to work with the manufacturer and the
contractor to check for limitations that need to
be taken into consideration in the design phase.
This is also true for any project that considers
using large and heavy prefabricated elements.
Though ideally the definition for the use
of prefabricated pieces should be in the
beginning of the design, sometimes it is only
done after the contractor is hired. In this case,
and if the design documentation is ready, the
designer (or a specialty consultant) needs to
review the plans to adapt it to the prefabrication
process – a process that usually involves cost
and time delays as well as the risk of increased
errors and omissions due to rework.
The architect usually defines the shape
and dimensions of the precast panel pieces, the
layers the elements will contain and the finishes
to be applied to each side of the panel.
Depending on the type of precast panel used on
a project, an engineer may be involved. For
11

example, an engineer maybe involved when
energy considerations are prioritized or when
panels are structural.

Also, it is very common for precast
manufacturers, especially those working with
architectural precast panels, to have displays of
finishes or manufacture samples for designer
and /or client approval (Figure 15).

Figure 15. Precast Concrete Finish Samples
Once the architectural design is set, the
plans are sent to the structural designer (or
specialty precast consultant, or even the
manufacturer) so that its reinforcement and
connections can be designed. Precast concrete
panels can be reinforced using rebar, wire mesh
or fiber. Depending on the size and position of
precast panels, tensioning cables may be used.
Connections are designed taking into
consideration how the equipment will be hoisted
and assembled on site. The prefab elements can
be welded or bolted in place. If using bolts, the
connections may have oval openings to allow for
some flexibility. Specifications on these
connections are included in the design of the
panels.
Once the structural design is finalized, the
information is combined with the architectural
design and sent to the factory for assembly. The
Version 1.3 (September 2021)

factory reviews the drawings in order to verify if
the design is compatible with their machine
requirements. Sometimes, the manufacturer also
serves as the specialty consultant, providing
more services to the design and building team. If
all is adequate, then preparation for
manufacturing begins.

Figure 16).

Figure 16. Formwork for prefabricated concrete
panel (courtesy of Coreslab Structures)
If rigid insulation is used within the
panels, usually a first pour is done. This first
pour fills the form up to the level when
insulation panels should be inserted (Figure 17).
As concrete hardens, the insulation panels and
additional reinforcement and inserts are included
in the formwork and a second pour finalizes the
panel. This is done to assure that concrete is
properly reaching all areas of the formwork.
Some manufacturers are employing more
automated technologies that help with design
verification and placing the elements in the
formwork. Even if the form is prepared by
robots or by human employees, a human is still
needed to finally inspect the placement of inserts
and connection pieces, as well as the
reinforcement.

12

may also be called to the manufacturer site to
inspect and approve mock ups.

Figure 17. Assembly of formwork, including
inserts and insulation (courtesy of Coreslab
Structures)
It is important to note that precast concrete
pieces are usually considered long lead items in
construction. Long lead items are those that
require a long time to acquire. During
preparation for construction, it is important to
note if there are long lead items, because they
should be ordered soon, so it does not delay the
construction process. Other construction
elements usually considered long lead items are
elevators or escalators. Most long lead items
take a long time because there are few
manufacturers that produce them, so once
ordered, the construction company secures the
production of the item.
It is also good practice in construction not
to store elements on site for a long time. When
dealing with large building elements, such as
precast concrete panels, large equipment and
complex site logistics may be required every
time those elements are moved on site.
Therefore, coordination between the
manufacturer and the contractor is needed so the
element is produced not long before it is needed
for assembly on site.
Figure 18). The
specifications for the concrete used has to be
reviewed and approved by the engineer who
designed the precast element. If the precast
panel has an architectural finish, the architect
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Figure 18. Concrete pouring (courtesy of
Coreslab Structures)
Figure 19) depending on
where it will be located. If the top layer will not
be visible, the concrete can be rough finished. If
it will be visible, a smoother finish is usually
desirable. After finishing is complete, the
concrete needs time to cure (Figure 20). Most of
the prefabricated concrete panels can be
removed from the formwork within a few days
of pouring and curing. Curing time may be
different depending on the conditions of the
piece, the use of admixtures and the factory.

Figure 19. Concrete finishing
Once the concrete is stable enough to
allow the panel to be removed from the
formwork, this operation occurs. In most cases
manufacturers will have some sort of crane to
pull precast elements out of the formwork
(Figure 21) and transport it to the storage area
for further curing and finishing.
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Figure 20. Concrete curing (courtesy of
Coreslab Structures)

Figure 21. Panel removal from formwork
(courtesy of Coreslab Structures)
Once removed from the formwork, the
piece is visually inspected to make sure inserts
are in the correct placement and there are no
cracks. As the panel arrives in the storage area, it

might be blasted with acid or sand to reveal the
desired texture and color, though sand blasting is
becoming less common due to worker health
safety risks. Precast concrete manufacturers also
have storage space (Figure 22) for the elements
to be in while they wait for transportation to site.
However, availability of those spaces is
usually limited and some manufacturers may not
be able to store large components for a long
time. The precast manufacturer usually
transports the pieces within the factory using
hoisting equipment. Some contractors like to
inspect the quality of pieces prior to shipment, in
order to assure they are compliant, as
transportation and assembly of precast pieces is
expensive and time consuming. If nonconformities or issues are found in the piece,
remediation can take place immediately. There
are several ways that a piece can be remediated
and a structural engineer or the manufacturer can
evaluate the piece to make the best
recommendation.
Transportation requirements (and
limitations) must be considered during the
beginning of the design process for precast
concrete pieces (especially those that are large).
If the pieces do not require any special handling
or transportation routes, then it is usually hoisted

Figure 22. Factory storage for precast pieces (courtesy of Coreslab Structures)
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Figure 23. Transportation of precast panels (courtesy of Coreslab Structures)
into a semi-truck and transported to site (Figure
23). Sometimes, larger pieces need special
handling for transportation as they may be
considered wide loads (wide load specifications
may vary per state). The transportation route for
precast pieces need to be verified, as alternate
routes may be needed.
Once on site, it is ideal that the precast
panels be hoisted in place directly from the
trucks using cranes (Figure 24). This avoids
having to perform additional crane operations
(hoist to site / ground, then hoist to final
location) and the need to have storage space on
site.

Figure 24. Placing prefabricated element on site
(courtesy of Coreslab Structures)
The precast pieces come with hoisting
inserts from which the cranes can attach. These
inserts can be cut after the piece is placed into its
final destination. Sometimes large or very long
precast concrete pieces need more than one
crane in in order to put it in place. This is
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especially true in the case of large girders from
road bridges. In this case, much coordination is
needed so the weight of the piece is evenly
distributed during the placement. It is also
important to note that not only weight needs to
be considered, but also the location of the
hoisting equipment, as cranes are capable to
transport heavier pieces closer to its location
than further away.
After the piece is put in place, the precast
panel connections can be welded or bolted in
place (Figure 25). If the elements are structural
vertical panels, they might also be fixed directly
over the foundation. Especially for structural
façade elements, the precast panels need to be
supported in place until all structural panels and
elements are put in place to assure structural
stability (Figure 26).

Figure 25. Precast element bolted connection
(outlined in red)
In between the panels a seal is placed in
order to protect the joints from weather. Then a
caulking is applied (figures Figure 27 and Figure
28). Joints are made from flexible material as the
concrete precast panel expands and retracts due
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to temperature variation. Though the expansion
and retraction may not be visible to us, it would
be enough to crack joints that are not flexible.
The color or how the joints look can also be
chosen by the architect and can have an effect on
the way an exterior wall looks.

high vehicle traffic, where pollution might be a
concern.

Figure 27. Sealant in between precast panels
(outlined in red)

Figure 26. Structural shoring prefabricated
concrete panels.
Tests can be made after the panels are in
place to make sure the installation is water tight.
In addition, joints should be periodically
inspected and replaced if there are signs of
wearing. Panels should also be cleaned regularly
to avoid color staining, especially in areas with

Figure 28. Side view detail for sealant in
between precast panels.

Additional Resources
Design for Modular Construction: An Introduction for Architects. The American Institute of Architects &
National Institute of Building Sciences. Retrieved from: https://www.aia.org/resources/6119840-modularand-off-site-construction-guide
Modular Building Institute Website. http://www.modular.org/
Off-Site Construction Council Webpage. National Institute of Building Sciences (NIBS). https://www.nibs.org/
page/oscc
Precast Concrete Institute (PCI) Website. PCI. https:/www.pci.org/
Prefabrication and Modularization: Increasing Productivity in the Construction Industry, McGraw Hill
Construction. 2011. Bedford, MA: McGraw Hill Construction. Retrieved from:
https://www.nist.gov/sites/default/files/documents/el/economics/Prefabrication-Modularization-in-theConstruction-Industry-SMR-2011R.pdf
Prefabrication and Modular Construction 2020 (Smart Market Report). Dodge Data & Analytics. 2020.
Bedford, MA: Dodge Data & Analytics. Retrieved from:
https://www.construction.com/toolkit/reports/prefabrication-modular-construction-2020
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1.3.0 Section Review
1. Prefabrication refers to the process of fabricating an element ______.
a. On-site
b. Off-site
2. ___________ refers to using a design that can be combined in different ways to form more
complex structures.
a. Pre-fabrication
b. Automation
c. Modularization
d. Pre-assembled
3. Although prefabrication benefits from modular construction, modular construction and
prefabrication are NOT the same thing. True or False?
a. True
b. False
4. __________ are an example of construction elements that can be pre-fabricated.
a. Bathroom pods
b. Concrete structural elements
c. Plumbing pipe assemblies
d. All of the above
5. Because prefabricated elements need to be assembled off site and transported, ___________ is
especially important.
a. Aesthetics
b. Cost
c. Coordination
d. Insurance
6. Large and heavy prefabricated elements should be carefully studied so that the transportation
logistics and hoisting is considered during the design phase. True or false?
a. True
b. False
7. Because fabrication occurs in a factory environment, it is usually not subject to ____________,
such as thunder or snow storms, which could affect the manufacturing of certain elements (such
as concrete pouring). In addition, quality control measures can be standardized. Despite the use
of computer-controlled systems, a human check is always necessary and performed in the
pieces to assure quality is met.
a. Harsh weather conditions
b. Labor Strikes
c. Power outages
d. Quality inspections
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8. When designing pre-fabricated elements, quality control measures, such as reviews, are usually
performed during the design phase. Depending on the complexity of pieces, smaller scale
models and _______ can be made for testing. Finally, pieces can be inspected by contractor
personnel prior to shipment.
a. Mock ups
b. Submittals
c. Cranes
d. Drawings

SECTION TWO

2.0.0 Automation
Objective
Explain what algorithms and automation are.
a. Explain what is automation and how it
relates to algorithms
b. Identify simple algorithmic equations
c. Name at least two examples of
automation technologies used in the
construction industry
d. Explain how the increase of automation
is beneficial to prefabrication in
construction
e. Name two benefits and two challenges
for the use of automation in the
construction process and its stakeholders

Common Topic Terms
Algorithm: set of instructions to be applied in
solving mathematical or logic problems.
These are usually used in software
development to provide instructions to
machines (for example, computers) in
automated systems. Algorithms can be
written using various computer languages
such as C, C++, Python, etc.
Big Data: data that is large in volume, velocity
and variety. Statistical analysis on big data
can help to verify patterns that can be used
for optimizing systems.
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Clash Detection: the process of checking
three-dimensional building model for
conflicts. An example could be to check a
model for plumbing piping that are
running through rigid concrete beams or
checking the model for potential elements
within the clearance spaces (such as in
front of elevator doors).
Programmable Logic Controllers (PLCs): piece
of equipment or system that can be
programmed using programming
languages and algorithms to perform
automatic control and monitoring of
machines including robots in
manufacturing environments
Pseudocode: process of writing codes in a
simplified manner, by using natural
language (the language as we speak and
write, as opposed to computer languages).

A

utomation is considered the application
of machines to perform tasks. Machines
in this sense is very broad and can mean
robots such as robotic vacuum cleaners, but it
can also mean automated voice systems (for
example when you call a company and are
answered by a voice system instead of a person).
In the latter case, even if you don’t see the
machine, algorithms have been defined in a
software and stored in a server computer, which
is also a machine. We will discuss algorithms
shortly.
We cannot deny that automation
surrounds us in our society today. Its use will
continue to grow and, most likely, the rate of
adoption of automated technologies will also
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increase – this means we will likely see more
and more automation around us in the near
future. The present section will provide you with
a brief overview of the rise in automation, how
automation works, algorithms and logic, and the
use of automation in the construction industry.
Many researchers have been interested
in the benefits of automation, as well as how
automation is impacting our society. This
includes how jobs are disrupted by automation.
Though we may see many of the current job
positions being substituted by machines, it is
understood that many new positions (some of
which we cannot predict at this time) will start
existing because of that. In addition, it is true
that certain jobs are more likely to be substituted
by automation than others, but all jobs and
industries will be somehow affected by the
increase in automation. This is why it is
important to engage in lifelong learning, as we
will discuss in section 3.

2.0.1 The importance of automation
in recent times
The importance of automation in recent
times can be understood by the evolution of
Industrial Revolutions. During industrial
revolutions, new technologies are introduced in
the manufacturing process in a way that they
disrupt society as a whole. Initially, around the
1800’s, machines were first introduced to
substitute very repetitive tasks, such as spinning
yarn (Figure 29). Then, machines used horse
power, water power or steam power for
production. Later, at the turn of the 1900’s, a
new revolution took place as a result of the
broader use of materials such as steel and iron,
and improved railroad networks, and the use of
electricity in production. A burst in production
happened and innovations such as the
production line were used to achieve mass
production. In a production line, the product
manufacturing was divided into phases and
tasks, and employees and machines were trained
and programed for specific tasks, rather than the
whole product itself. Because of the high
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specificity of the task, workers had an increase
in productivity, if compared to previously, when
one worker could be responsible for the creation
of one entire product.

Figure 29. Spinning Jenny (one of the first
spinning yard machines) – Source: Ure &
Simmonds (1861)
The widespread use of computers and the
internet has directed us to what is called the
‘digital revolution,’ which has started around the
1950’s. During the inception of the ‘digital
revolution,’ computers usually occupied entire
rooms and floors in buildings (Figure 30).
Nowadays, a laptop computer has more
processing power than those used in national
laboratories in the 1950s.
The use of digital technologies allowed for
a higher level of manufacturing automation, and
it allowed for more data to be processed at a
much faster rate, speeding up procedures. The
use of digital technologies did not stop in the
factories, but also reached the end users that now
have access to computers. Today, we can
consider desktops, laptops, tablets and even
smart phones as computer devices.
However, the revolutions are not over yet,
and it is widely accepted that we are living in an
era of change. The widespread of newly
developed or improved technologies has the
capability to further disrupt our society. Some of
those technologies are closely linked with
automation, such as machine learning
techniques.
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Figure 30. First digital computer of Argonne
National Laboratory (1953) – photo credits: U.S.
Department of Energy
techniques in depth here, but it is important to
understand the concept of it. In machine
learning, computer software is developed to
learn from information, just as a human would
learn. The more information you feed into the
machine learning system (Figure 31), the better
it becomes at learning patterns by itself
(meaning without human intervention). This is
why the term ‘big data’ has become so important
– the more data (or information) you have, the
better you become at predicting outcomes. An
example of this are virtual assistants, which have
become popular on phones and home devices,
and smart home devices such as smart
thermostats. For example, smart thermostats, to
stay within the home construction industry,
require initial input from the user, but after a
while, it learns how to adapt temperature to our
likes and is able to adjust the home temperature,
predicting when we are and are not at home.

Figure 31. Machine Learning can organize data
and understand ‘hidden’ patterns.
The machine learning process is based on
statistical analysis of the data and complicated
algorithms that sometimes are beyond a human
understanding. Yet, machine learning techniques
can become important in several industries, such
as healthcare, financial systems, entertainment,
and transportation, just to name a few examples.

2.1.0 How does automation work?
In the very basic sense, automation
derives from control systems. There are two
main types: open loop and closed loop, or
feedback control systems (Figure 32). In a
closed loop, the system performs a task or a
process, taking into consideration only the initial
input – it does not adapt or gather feedback. For
example, if you use the microwave to heat milk,
you are pushing buttons to tell the microwave
how long it should be on. When the time is up,
the microwave will stop. This will happen
regardless of how cold or hot the milk inside is.
In a closed-loop (feedback) loop system,
usually sensors are installed so that the system
receives additional information and is able to
User Input → Closed Loop (Feedback) System → Output

User Input → Open Loop System → Output

↑↑↑↑
FEEDBACK

Figure 32. Differences between open-loop and closed-loop (feedback) control systems
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adjust. This is the case of a home heater unit, in
which a sensor will measure the house
temperature and internal controllers in the
machine will define if it should be on or off.
How the system processes the feedback
is based on rules written within programmable
logic controllers (PLCs). These rules can be
written in several different ‘programming
languages,’ but all use algorithms, which
describe those rules and will be discussed
shortly. Examples of programming languages
are C, C++, JavaScript, Python and others. Some
of these languages are easier than others to
program and use for initial learners – they are
called high level languages; others are more
difficult, but have other advantages like faster
processing, and are called low-level languages.

2.1.1 Algorithms
Algorithms are a set of instructions that
can be used to perform tasks by systems. These
tasks can include calculations and data
processing. Algorithms for automation use logic
to organize information that is then written in
the software code using programming language.
However, initially, the algorithm may even be
expressed using pseudocode or flowcharts.
Pseudocode and flowcharts express the steps
necessary for the algorithm to be completed.
For example, the following pseudocode
represents a program that changes all first letters
of words in a sentence to be capitalized, and
then show you the result at the end.

“Capitalization”
Set start to position 0.
Initialize word to one.
While there are words in a sentence,
If word starts with small letter,
Change first letter to same
letter in capital format
else,
Input the next word.
If no more words in sentence
Print “Capitalization”

This might seem simple, however, even
this example code does not deal with some
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issues that the code might run into, such as how
to define a sentence. We could use this example:
Sentence (definition) = block of words
starting from left to right, top to bottom of an area
until a ‘.’ is included.

But we would still face issues when a
period (or ‘.’) is used to abbreviate a salutation,
such as Mr. or Mrs.
Experienced coders may not need to
start their thought process using pseudocodes or
flowcharts to write an algorithm, however this is
very common for beginners. Based on this, the
code is reviewed several times and then
translated into actual programming language for
testing. Software that are still in testing phase
are usually called beta releases.
In addition, a software developer can
use several different algorithms to solve the
same problem; however, the less amount of time
(and processing capacity) used, the better the
algorithm is considered. For example, there are
several ways you can make simple brewed
coffee – using a cloth filter, using a coffee
brewing machine, or even using capsules in
more modern machines. All of them will get the
output of coffee, and though in this case you
might have preferences that relate to your
particular taste, in computer science, the
algorithm that performs the task in the least
amount of time would be considered the best
algorithm.
One can implement algorithms by using
functions. The code can be written in code
compilers, which look very much like a text
editor, but some of them have the capability to
change colors as you write some key words,
which help to visualize the code and what is
included in it.
An algorithm can use several functions
in order to give an output. Functions are
mathematical relations that explain an operation.
They take an input, transform it based on rules,
and provide an output.
For example, if you create in Python a
function called
Functions are usually
followed by ()

hello_world()
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With the sole purpose of showing
“Hello World” on the screen, when it’s called.
So, the definition of the function can be written
in Python as:

data. In combination with sensors and physical
controllers, software programs can be written in
order to manufacture robots or automated
systems that can be used in multiple ways.

def hello_world():
Print (“Hello World”)

2.2.0 Automation in the construction
industry

Def = defining function

The second line indicates
what the function does

After you have defined the function,
using the script above, and then ‘called on’ it by
typing hello_world(), then once you hit the
‘enter’ key, the computer will ‘answer’ you by
displaying the following line:
Hello World
Algorithms can also be used to retrieve
images and perform calculations. For example,
if I wanted to write an algorithm that returns
how much each person should pay for a group
outing to a restaurant, as a step 1, we could write
the following function:
def split_bill(num_people, total):
Return total / num_people
The lines above define what the function
does by using two variables: number of people
(which is represented by num_people) and bill
total (represented by total). After we have
created the function, step 2 should then tell the
computer the values for each variable:
Num_people = 6
Total = 84
Finally, we can then ask the computer to
calculate for us:
You type this line
Split_bill()
14

and press ‘enter’

Computer returns this line

Even though the examples we have
shown may seem simple, algorithms and
functions can carry many complex logic rules
that are used to calculate, organize and process
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Despite the construction industry being
known for not using much automation, things
have been changing in the past decade or so.
More and more automated systems and robots
are entering design offices and construction
sites. Some examples of automation within the
construction industry are:
• Clash detection during design phase –
This is done by checking design
information (ideally 3D models) to see
if there are elements that are over or too
close to other elements. Specific
software exist that perform this analysis
and yield a report, so designers can
think of alternate designs;
• Automated code checking – geometrical
rules and regulations such as building
codes can be translated into algorithms,
which can then be used to compare with
existing models and
Setbacks are the
report back on any
minimum distance
issues. Examples could
between the property
be buildings that are
line and the closes
building side edge.
designed too close to
There can be front, side
the street or side lots,
and rear setbacks based
not respecting the
on where the street and
minimum established
the buildings are located
setbacks and building
room relationships. The General
Services Administration (GSA) is one of
the American government entities that
already uses this type of analysis during
building approval processes.
• Robotic site scanning – using robots that
go through each floor to scan for
progress and any construction deviation
by comparing to an ideal schedule and
model. Drones can also be used to
measure sites and progress;
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• Parametric design – instead of
designing using lines and graphical
representation, some software allow you
to code your design, using rules. This
allows designers to change entire
designs by changing the rules in the
code. Parametric design can also greatly
help design modular buildings by
allowing designers to change and
visualize different modular options.
Usually, many software for Building
Information Modeling have parametric
modeling capabilities.
• Generative design – generative design
uses artificial intelligence to generate
different and new design options. The
algorithm creates the design based on a
minimum set of inputs and
characteristics. There are less generative
design software for building design than
parametric design software because it is
still a relatively new area, with few
designers really using this tool, though
its application in design is expected to
grow in the near future.
• Brick laying and concrete printing
robots – these robots are capable to lay
bricks or print concrete-based design
information.
And, just like prefabrication, automation
has its advantages and challenges. Some
advantages of using automation are:
• Using more systematic approaches
allow greater standardization in
industry. For example, automated
systems are not subject to being tired or
overworked, which can have an effect in
the outcome. Also, scanning robots are
available that can check dimensions on
site, increasing quality control.
Therefore, automation in construction
can lead to an increase in quality of the
end product.
• Robots can be used around the clock
(though they usually require human
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supervision), allowing for faster
construction. There are even concrete
printing robots that can print a whole
small home from scratch in a few hours.
• Lately, the construction industry has
suffered from skilled labor shortage.
The increase of automated technology
can certainly provide help to reduce the
impact of human labor shortage.
Some of the challenges for the use of
automation in construction are:
• Much of what is built in construction is
on site, which sometime does not have
access to internet. Some of the
technology available requires the use of
internet and may not be feasible in
remote sites;
• Interoperability between different
software and different technologies is
not yet seamless and errors occur that
need to be manually fixed by humans.
• The displacement of certain trades
because of robotics advancement on the
long term should be addressed to avoid
mass unemployment;
• The industry mentality of low
technology use can sometimes hinder
the application of more automation on
site.
Specifically, recent advances in automation
are encouraging the use of more prefabrication
in construction. Part of it is related to improved
methods of design coordination and design
software. An improved design is ideal for
prefabricated pieces, because ideally
prefabricated elements come to site ready to be
placed in their final position. Many of the
prefabricated elements are not easily adapted to
on site design modifications. The other portion
is because of the improvement in robotics that
allows for optimized manufacturing of elements,
in addition to allowing more customization.
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Additional Resources
Automation in Construction Journal. Elsevier. Retrieved from:
https://www.sciencedirect.com/journal/automation-in-construction
International Association for Automation and Robotics in Construction (ISAARC) Webpage. ISAARC.
https://www.iaarc.org/
Robotics in Construction Webpage. Autodesk BIM 360°. Autodesk: https://bim360resources.autodesk.com/
robotic s-in-construction-jobsite
The Construction Industry Needs a Robot Revolution. Borja Garcia de Soto in Wired (April 06, 2019).
Retrieved from: https://www.wired.com/story/the-construction-industry-needs-a-robot-revolution/

2.3.0 Section Review
1. __________ is the process of performing a task by using machines instead of humans.
_________ may use robots or automated systems that are inscribed in computer servers, such as
automated voice systems.
a. Prefabrication
b. Modularization
c. Standardization
d. Automation
2. ___________ is a way to organize and describe a procedure in a set of instructions, so a
computer can perform a task.
a. Code design
b. Algorithms
c. Standardization
d. None of the above
3. Algorithms can be expressed in many ways. In the beginning of projects or for unexperienced
users, algorithms can be written in _______ (in which tasks as described using common
language) or charts, that indicate the type of input and output necessary for each task to be
performed.
a. Pseudocode
b. Code
c. Python
d. English
4. Which are examples of automations technologies currently used in construction?
a. Automated code checking procedures / software
b. Clash detection software
c. Laser scanning robots
d. All of the above
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5. The improvement of robotics has also increased production in manufacturing facilities, in
addition to allowing for the transition between different designs to be ______, as robots can be
programmed to change functions and are not subject to a learning curve (though the human
software developer is).
a. Slower
b. Faster
6. Some of the benefits that automation brings to construction are the ability to improve
____________ as standardization of production methods and design software are used more
often, and faster construction by using robots (which reduces the impact of labor shortage for
construction).
a. Safety
b. Quality
c. Weight
d. Aesthetics

SECTION THREE

3.0.0 Lifelong Learning
Objective
Relate the importance of lifelong learning to
the application of new technology
a. Describe how lifelong learning and
technology relate
b. Identify ways to stay up to date with new
technology
c. Elaborate a lifelong learning plan for
learning new skills in the next five years
Common Topic Terms
Asynchronous: this is said about courses in
which students learn at their own pace,
and they might not meet with others or
the instructor in real time. Usually
asynchronous courses have pre-recorded
lectures or reading material that do not
require students to all meet at the same
time.
Computer Aided Design (CAD): use of
computers to help in the design of
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construction drawings. In construction
industry, CAD software has been widely
used since the 1990’s (when personal
computers became inexpensive enough to
be widely used in design firms).
Examples of CAD software are
AutoCAD, Microstation and SketchUp.
Half-life: term that indicates the time for half
of the knowledge acquired during a
degree (for example an engineering
degree) to become obsolete (meaning not
applicable anymore). The engineer’s
half-life has becoming shorter and shorter
due to the constant development and use
of new technologies.
Massive Open Online Courses (MOOCs):
courses that are taught online to
thousands of people at the same time.
These are usually asynchronous, but
could contain components to stimulate
student interaction, such as common
forums or peer grading of assignments.
Synchronous: this is said about courses that
are taught in real time, meaning all
students and faculty meet at a preestablished time. This term is usually
employed for in-person courses.
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ifelong learner is what you call a person
who is willing and motivated to acquire
continuing knowledge. There are three
concepts that are important within lifelong
learning:
•
•
•

The person is voluntarily willing to
learn;
The person is motivated to learn;
Learning is ongoing.

In the past, learning was measured by
acquiring educational credentials and when you
finished your higher education you would be
ready for the job market in a specialized field.
Today, because of all the changes in our society,
including the wide spread use of automation,
this is not possible. Even people with terminal
degrees need constant recycling of knowledge to
keep themselves up to date with current industry
trends.
However, being a lifelong learner is not an
easy shift, because it requires a change of
mindset of how one views education. And
maybe some of you who are reading this
document are already lifelong learners (in this
case, this might be an easy section). In general,
it is no longer possible to think that a highereducation degree is the end of one’s educational
journey, but rather just another step to an endless
ladder of knowledge that needs to be constantly
climbed.
Though technology is one of the reasons for
this push towards constant learning, technology
also gives us resources we can use in our quest
for learning. Not all learning needs to be in the
form of a traditional school; they may contain
other ways to learn:
• On-the-job training, such as safety
courses and discussion in the
construction industry;
• In person, content specific courses,
such as those for adult learners who
want to change careers;
• Extension courses for people who
want more knowledge within their
careers.
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The format of those courses may also be in
person or online. Within online education, there
are still several options: synchronous and
asynchronous learning (or a blend between
both). Synchronous learning is when you and the
instructor meet online for a real time class and
discussion; asynchronous learning is when you
engage in learning at your own time – usually
this is a combination of pre-recorded lecture
videos, homework and/or discussion boards.
Nowadays, some technology companies
have even created learning apps and MOOCs.
Some education apps can be downloaded in our
phones and deliver short (and often game-like)
lessons. MOOCs, on the other hand are Massive
Open Online Courses. These courses are offered
to thousands of people at the same time. They
are usually asynchronous, with video lectures,
reading material and homework that you can
study at a convenient time. Discussion boards
help to engage learners with each other and with
teaching assistants, so discussions can form
related to the content.
Finally, public libraries and the internet
also has numerous resources, in addition to
formal courses, that can help with knowledge
gathering. However, it is important to note that,
when using the internet, one should be careful
and look for reputable sources in order to
validate the information. This is because anyone
can post on the internet and there might be a thin
line between opinions and facts. It is good
practice to double check facts in multiple
sources and evaluate the credentials of the
person or institution presenting the information.
For professional purposes, reputable
sources may include renewed professional
institutions and professional organizations,
governmental agencies, credentialing agencies,
and non-profit educational institutions. A good
practice may include asking successful people in
your profession (or in the profession you aspire
to be in) for recommendations of where to find
more information and education resources.

3.0.1 Lifelong learning and
technology
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Sometime ago, it was common for
employees to retire at the same company they
had started. Also, it was common for a person to
think that either a bachelor, associate or high
school degree would suffice to secure a job that
would meet the needs of an American family for
life. However, technological advances started to
be used more and more often in industries. This
use has required all employees to learn new
skills to work with newer technology. For
example, in the design and construction
industry, not long ago (until mid 1990’s), all
drawings were made using paper and pen on a
drafting table (see Figure 33 for example).

knowledge to become obsolete. This is because,
as new technology emerges, the content those
engineers learned may have become obsolete.
Lifelong learning has become necessary at all
levels of society.
Another example of the fast evolution of
technology can be seen in the retail industry.
Twenty years ago, in the early 2000’s, most of
us would not imagine the use of mobile apps for
purchase, nor imagine the existence of selfcheck-out lanes. More technology is being
developed in those areas to disrupt how we see
retail stores. Again, we can see how these
changes may have resulted in the closing of jobs
in physical retail, but on the other side, may
have created other jobs that are more linked to
logistics, warehouse and distribution of goods.
Therefore, the need for life-long
learning is general for all levels of education and
in all industries. And although this might seem
overwhelming, the good news is that technology
has also made learning easier and more
accessible.

3.1.0 Resources for lifelong learning
Figure 33. Drafting department in the last
century – photo credits: U.S. Department of
Energy
Drawings were manually drafted and if
an error occurred, the drafter needed to scratch
the ink off and redraw. If a drawing was drawn
and redrawn too many times, it could tear and
depending on the amount of tear, a new drawing
needed to be drafted from scratch. However, as
time passed, Computer Aided Design (CAD)
software have become more and more current,
substituting ink and paper. By using CAD
software, overlaying design became easier, and
mistakes were easily corrected.
With the information age, internet and
automation, changes are becoming something
that happens frequently. There are studies now
to evaluate the ‘half-life’ of engineers who have
graduated college. A half-life here means the
time it takes for half of an engineer’s acquired
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There are many resources for people
who are willing to be lifelong learners. From
physical resources to online resources, content
and information can be accessed. We also
suggest you take advice and references from
more experienced workers of the field you want
to join in order to confirm if the material is
valuable, up to date and within current industry
standards (technical and safety). In this section,
we list some resources for lifelong learning in
the construction industry:
•

•

Video materials: online videos can be
found that explain construction
processes, such as how to build slabs,
frame a home, etc. Some resources can
be YouTube and Vimeo.
Physical Written materials: books and
guides about construction methods and
materials can be found in libraries and
bookstores. In addition, code books are
an important reference for industry
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•

•

•

Habitat for Humanity has a free learning
professionals to stay up to date with
platform called HabitatLearns
industry standards. However, it is
(www.habitat.org/about/habitat-learns).
important to note that physical written
materials are the ones more prone to
• Construction news repositories: several
become outdated sooner. Even though
websites contain news important for the
some written material is still relevant, it
construction industry. These may be
is important to double check with others
related to news channels or specific
in your field before delving in too deep
entities. These sites contain information
(this is good practice regardless of the
related to the current state of the
type of material).
industry, as well as important changes,
Face-to-face courses: technical training
policy information and new technology.
courses are usually also available
Examples of commonly known
through local entities, be it
construction news websites are:
governmental or non-profit
Construction Dive
organizations. The advantage of face-to(www.constructiondive.com), ENR
face is that interaction with your
(www.enr.com), Builder Online
instructor and peers is easier than online,
(www.builderonline.com), Construct
and for some people having a fixed
Connect
course schedule (meaning a pre(www.constructconnect.com/blog) and
established time for class) helps with
Building Design + Construction
time management and attendance.
(www.bdcnetwork.com).
Online written
•
On the job training: also available is on
Some suggested resources:
materials:
the job training. This could be done by
• Whole Building Design
guides and
formal learning (such as training offered
Guide (www.wbdg.org)
webpages from
by the employer) or by learning skills at
• Occupational Safety and
renowned
the job through mentoring (an
Health Administration
industry
experienced professional can help you
(OSHA) training
information
organizations
with skills) and shadowing (you follow
(www.osha.gov/dte/outrea
and government
a worker for some time to learn what
ch/construction)
agencies also
they do).
•
Department
of
Housing
provide
Not all learning material may be useful
and Urban Development
instructional
publications and research
to you because the content may not be
material (some
(www.huduser.gov/portal/r
relevant to your future plans or how the
of them free of
content is presented does not match the way
charge) that can be used for learning
you learn best. Therefore, it is important to
new and up to date techniques. In
reflect on how you usually learn best – some
addition, some professional associations
people are visual learners – therefore videos and
and unions offer training to their
pictures work best, others may learn better by
members.
reading. Some like to have a fixed learning
Online training courses: also available
schedule, while others are better off learning at
are some online training courses. These
their own pace. The next subsection will discuss
may be free or not and may be offered
how you can use your reflection and needs to
by the same entities that offer face-tocreate a plan of action.
face, professional organizations, in
addition to MOOCs. For example,
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3.2.0 Elaborating a lifelong learning
plan for the next five years
For this exercise you will need to stop
and reflect on where you want to be in the next 5
years. What type of learning do you need to get
there? For this you will have to think about
what you currently know. Make sure you list all
the skills that you think you need to achieve
your goal, even if you already have that skill. An
example of how that table could look like is
given in Figure 34.
Then it is good to reflect on how you
learn, so you can have this clearly indicated.
This will help define which resources work best
for you in order to acquire skills you will need to
succeed. Learning inventories are available to
take on the internet, but in this case a reflection
might be just as valid. We suggest, based on
previous research (Felder & Silverman, 1988, p.
675) 2 five points of reflection:
1. Preferred type of information: based
on sensory input (external) or based
on intuitive input (internal);
2. Sensory channel: visual (images) or
auditory (words);
3. How information is organized:
inductive (student infers principles
from observations) or deductive
Where I am now:
FILL IN

Where I want to be:
GOAL: FILL IN

(principles are given, then facts may
be observed);
4. How information is processed:
actively (such as hands-on learning)
or reflective (through introspection);
5. Progress of learning: sequentially
(continual steps) or globally (big
picture, may not follow a continuous
sequence).
Reflect

AND
This reflection about learning will help
you identify the adequate resources for your
learning. For example, if you are an auditory
learner – one who prefers words – a video only
might not be the best way to learn. A video with
narration might be best. Also, for example, if
you are an active learner, you might not be
satisfied by a theory only class, if that does not
involve some type of hands-on activity. Finally,
for each skill that you do not currently have,
search for adequate resources that you can use
Resources

What I need to know
Resources to learn
for this (skills):
skill
FILL IN
FILL IN
BY Training Program
FILL IN
Online Training
FILL IN
…
I am an XXX learner, who learns best by doing X, Y and Z.
What I know now:

5 Years from now
When I will learn
these skills
2019
2020
…

Figure 34. Example of Life-long learning 5-year plan
Felder, R. M., & Silverman, L. K. (1988). Learning and teaching styles in engineering education.
Engineering education, 78(7), 674-681.
22
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for learning and when you plan to learn.
It is important to note that some skills depend on
others – for example, you will probably only be
able to master wood framing if you know how to
use hand tools.
You may see that by doing this you have
too much you need to know over a small amount
of time. In this case you may need to either (1)
better distribute your learning across the five
years or (2) rethink your goals for the next five
years.

This type of self-reflection is important
in a constant basis, given the recent scenario of
technological advances. This means this plan is
an evolving plan and should be revised if any
information in it changes – for example, you
might change your goal, or you might find out
that you need additional skills to achieve that
goal, or that a skill that you thought necessary, is
actually not. If this might seem overwhelming,
our suggestion is to find an industry mentor who
can help you navigate the learning process, as
well as help you understand the options
available to you in construction.

Additional Resources
Builder Online Website. Harley Wood Media. https://www.builderonline.com/
Building Design + Construction Website. Building Design & Construction. http://www.bdcnetwork.com/
Construct Connect Blog Webpage. Construct Connect. www.constructconnect.com/blog
Construction Dive Website. Industry Dive. www.constructiondive.com
Engineering-News Record (ENR). BNP Media. https://www.enr.com/
Habitat Learns Webpage. Habitat for Humanity. https://www.habitat.org/about/habitat-learns
Learning and Teaching Styles in Engineering Education. Richard M. Felder and Linda K. Silverman
(1998). In: Engineering Education, 78 (8), pp 674-681.
Policy Development & Research Webpage. United States Department of Housing (HUD).
https://www.huduser.gov/portal/research/home.html
Outreach Training Program Webpage. Occupational Safety and Health Administration (OSHA).
www.osha.gov /dte/outreach/construction
Whole Building Design Guide Webpage. National Institute of Building Sciences (NIBS).
http://www.wbdg.org/
Additional Resources – MOOCs
The list below contains the name of a few MOOC platforms*:
Canvas. Website: https://www.canvas.net/
Coursera. Website: https://www.coursera.org/
EdX. Website: https://www.edx.org/
Khan Academy. Website: https://www.khanacademy.org/
* This is not an extensive list, nor an endorsement. We suggest you browse through a few of them to see
what is available. Some of the platforms identified below provide self-paced and free courses.
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3.3.0 Section Review
1. Because of the recent trends in technology and the acceleration of new discoveries, the
knowledge we acquired may become irrelevant in a matter of years. Constant ____________
are necessary to keep ourselves up to date with the construction industry jobs’ needs.
a. Job changes
b. Raises
c. Travels
d. Learning and training
2. Several resources can be found useful to stay up to date with new content such as _________.
a. Online videos
b. Courses (online or face-to-face)
c. On the job training
d. All of the above
3. In order to elaborate a plan for the next five years, you should identify a goal and your
________, which may vary a lot from person to person and is a combination of
characteristics.
a. Learning style
b. Home environment
c. Ability to engage
d. Communication goals
4. A lifelong learning plan should be taken as a rigid plan and never revised.
e. True
f. False
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Summary -------------------------------------------------------------------------------------------------------------The construction industry is constantly evolving. Recent improvements and widespread use of
transformative technology has had a great impact on how we design and construct buildings.
Prefabrication in construction has been around for a while – pre-manufactured homes have been
available since early 1900’s – however, a combination of factors has recently increased the
interest for it to be more widely used in recent construction. Some of these factors include the
need to reduce the time for construction, increased building complexity, labor force shortages
and the requirement for increased quality of construction elements. Automation also is being
increasingly used in the construction industry. Its use helps and fosters the development of
construction specific computer software and robots that increase the industry’s productivity. In
addition, the combination of automation and pre-fabrication can result in the ability to produce
more customized modules while maintaining a large production rate – which is tied to the
concept of mass customization.
A lot of change will be happening in construction in the next years. This is also true for most
industries and will require workers to be flexible and ready to learn new skills. The concept of
constant learning is called lifelong learning and is a desirable ability of anyone who wishes to
remain relevant in their work areas. In order to practice lifelong learning, you should constantly
plan and evaluate your goals, looking for ways to become current about industry’s latest
practices and trends. There are many ways you can be up to date, such as attending training
sessions – online or in person – reading relevant news online and talking to other peers who you
consider to be successful in their careers to seek mentorship for further development.
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Terms Introduced in This Module -------------------------------------------------------------Algorithm: set of instructions to be applied in solving mathematical or logic problems. These are
usually used in software development to provide instructions to machines (for example, computers)
in automated systems. Algorithms can be written using various computer languages such as C, C++,
Python, etc.
Asynchronous: this is said about courses in which students learn at their own pace, and they might not
meet with others or the instructor in real time. Usually asynchronous courses have pre-recorded
lectures or reading material that do not require students to all meet at the same time.
Big Data: data that is large in volume, velocity and variety. Statistical analysis on big data can help to
verify patterns that can be used for optimizing systems.
Cast-in-place: name used for concrete elements in which the concrete is poured on site.
Clash Detection: the process of checking three-dimensional building model for conflicts. An example
could be to check a model for plumbing piping that are running through rigid concrete beams or
checking the model for potential elements within the clearance spaces (such as in front of elevator
doors).
Computer Aided Design (CAD): use of computers to help in the design of construction drawings. In
construction industry, CAD software has been widely used since the 1990’s (when personal
computers became inexpensive enough to be widely used in design firms). Examples of CAD
software are AutoCAD, Microstation and SketchUp.
Curing: chemical reaction that occurs to concrete after it is poured. This process is how the concrete
gets its strength and rigidity.
DfMA: Design for Manufacturing and Assembly. This approach to the design emphasizes the need for
designers of offsite elements to consider elements’ manufacturing and assembling.
Half-life: term that indicates the time for half of the knowledge acquired during a degree (for example
an engineering degree) to become obsolete (meaning not applicable anymore). The engineer’s halflife has becoming shorter and shorter due to the constant development and use of new technologies.
Long-lead item: this is the name for items in a building that need to be ordered well in advance so they
can be manufactured and ready by the time they are needed on site. Examples of common long-lead
items are prefabricated pieces, elevators and escalators.
Massive Open Online Courses (MOOCs): courses that are taught online to thousands of people at the
same time. These are usually asynchronous, but could contain components to stimulate student
interaction, such as common forums or peer grading of assignments.
Offsite construction: this is the name given to any construction assembly that happens outside of the
jobsite location. Prefabrication is often carried out in offsite locations, making it often a term
interchangeable with ‘offsite construction.’
Prefab: abbreviated name for prefabricated pieces that can be used by construction industry
professionals
Programmable Logic Controllers (PLCs): piece of equipment or system that can be programmed using
programming languages and algorithms to perform automatic control and monitoring of machines
including robots in manufacturing environments.
Pseudocode: process of writing codes in a simplified manner, by using natural language (the language
as we speak and write, as opposed to computer languages).
Synchronous: this is said about courses that are taught in real time, meaning all students and faculty
meet at a pre-established time. This term is usually employed for in-person courses.
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Additional Resources

------------------------------------------------------------

This module presents an introduction to prefabrication, modular construction and automation in
construction. The following are resources for further study and reference:
Automation in Construction Journal. Elsevier. Retrieved from: https://www.sciencedirect.com
/journal/automation-in-construction
Builder Online Website. Harley Wood Media. https://www.builderonline.com/
Building Design + Construction Website. Building Design & Construction.
http://www.bdcnetwork.com/
Construct Connect Blog Webpage. Construct Connect. www.constructconnect.com/blog
Construction Dive Website. Industry Dive. www.constructiondive.com
Engineering-News Record (ENR). BNP Media. https://www.enr.com/
Habitat Learns Webpage. Habitat for Humanity. https://www.habitat.org/about/habitat-learns
International Association for Automation and Robotics in Construction (ISAARC) Webpage.
ISAARC. https://www.iaarc.org/
Modular Building Institute Website. http://www.modular.org/
Off-Site Construction Council Webpage. National Institute of Building Sciences (NIBS).
https://www.nibs.org/ page/oscc
Outreach Training Program Webpage. Occupational Safety and Health Administration (OSHA).
www.osha.gov /dte/outreach/construction
Policy Development & Research Webpage. United States Department of Housing (HUD).
https://www.huduser.gov/portal/research/home.html
Precast Concrete Institute (PCI) Website. PCI. https://www.pci.org/
Prefabrication and Modularization: Increasing Productivity in the Construction Industry,
McGraw Hill Construction. 2011. Bedford, MA: McGraw Hill Construction. Retrieved
from: https://www.nist.gov/sites/default/files/documents/el/economics/PrefabricationModularization-in-the-Construction-Industry-SMR-2011R.pdf
Robotics in Construction Webpage. Autodesk BIM 360°. Autodesk:
https://bim360resources.autodesk.com/ robotic s-in-construction-jobsite
The Construction Industry Needs a Robot Revolution. Borja Garcia de Soto in Wired (April 06,
2019). Retrieved from: https://www.wired.com/story/the-construction-industry-needs-arobot-revolution/
Whole Building Design Guide Webpage. National Institute of Building Sciences (NIBS).
http://www.wbdg.org/
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Photo Credits and Courtesies

---------------------------------------------------

Cover. Assembling Modular Homes. Photo Credits: Indy Mod Homes
Figure 2. Transporting Precast Concrete Panel. Photo Credits: Luciana Debs
Figure 3. Transporting of Large Prefabricated Modules. Photo Credits: Blox
Figure 4. Sears Roebuck Home. Image Source: Sears Roebuck Catalog 1908 (public domain)
Figure 5. Prefabricated Diner. Photo Credits: Michael Hicks | Mulad (public domain, Wikimedia Commons)
Figure 6. Prefabricated Garage at Purdue University. Photo Credits: Luciana Debs
Figure 7. Habitat 67. Photo Credits: Luciana Debs
Figure 8. Assembly of large prefabricated modules on site. Photo credits: Blox
Figure 11. Examples of prefabricated and modular elements used in construction
Top left: prefabricated sink units. Photo Credits: Blox
Top right: prefabricated piping. Photo Credits: Blox
Middle left: prefabricated bathroom pods. Photo Credits: Surepods
Middle right: prefabricated bathroom pods on site. Photo Credits: Bernie Sublette
Bottom center: Prefabricated modular unit. Photo Credits: Blox
Figure 12. Examples of prefabricated and modular elements used in construction (cont.)
Top left: prefabricated architectural panel being installed. Photo Credits: Luciana Debs
Top right: prefabricated piping assembly. Photo Credits: Luciana Debs
Bottom left: unitized glazing system stored on-site prior to installation. Photo Credits: Cy Rangel
Bottom right: prefabricated mansard roof trusses. Photo Credits: Cy Rangel
Figure 13. Examples of prefabricated and modular elements used in construction (cont.)
Top left: Prefabricated modular shelter being installed on site. Photo Credits: InMod
Top right: prefabricated multi-trade rack being hoisted on site. Photo Credits: Bernie Sublette
Bottom center: prefabricated multi-trade rack. Photo Credits: Bernie Sublette
Figure 14. Examples of prefabricated and modular elements used in construction (cont.) - Factory OS (image
courtesy of Autodesk, Inc.)
Figure 15. Precast Concrete Finish Samples. Photo Credits: Luciana Debs
Figure 16. Formwork for prefabricated concrete panel. Photo Credits: Coreslab Structures
Figure 17. Assembly of formwork, including inserts and insulation. Photo Credits: Coreslab Structures
Figure 18. Concrete pouring. Photo Credits: Coreslab Structures
Figure 19. Concrete finishing. Photo Credits: Luciana Debs
Figure 20. Concrete curing. Photo Credits: Coreslab Structures
Figure 21. Panel removal from formwork. Photo Credits: Coreslab Structures
Figure 22. Factory storage for precast pieces. Photo Credits: Coreslab Structures
Figure 23. Transportation of precast panels. Photo Credits: Coreslab Structures
Figure 24. Placing prefabricated element on site. Photo Credits: Coreslab Structures
Figure 25. Precast element bolted connection (outlined in red). Photo Credits: Luciana Debs
Figure 26. Structural shoring prefabricated concrete panels. Photo Credits: Luciana Debs
Figure 27. Sealant in between precast panels (outlined in red). Photo Credits: Luciana Debs
Figure 28. Side view detail for sealant in between precast panels. Photo Credits: Luciana Debs
Figure 29. Spinning Jenny (one of the first spinning yard machines). Image Source: Ure & Simmonds (1861)
(public domain)
Figure 30. First digital computer of Argonne National Laboratory (1953). Photo credits: U.S. Department of
Energy (U.S. government work)
Figure 33. Drafting department in the last century. Photo credits: U.S. Department of Energy (U.S. government
work)
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Answer Keys

---------------------------------------------------------------------Answer
Section One
1. a
2. c
3. a
4. d
5. c
6. a
7. a
Section Two
1. d
2. b
3. a
4. d
5. b
6. b
Section Three
1. d
2. d
3. a
4. b
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